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^ (57) Abstract: A power monitor for a light emitter uses an absorptive material placed in the path of the application beam. The 
absorptive has a measurable characteristics thereof altered by an intensity of the light beam, the absorptive material being thin enough 
to allow a poriton of the light beam sufficient for a desired application to be passed to the desired application. Preferably, an anti- 

£^ reflective coating is placed between the absorptive material and the light emitting device. The absorptive material may be formed 

^ directly on the light emitting device or may be formed on or integrated with a spacer. 
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TRANSMISSION DETECTION FOR VERTICAL CAVITY SURFACE 
EMITTING LASER POWER MONITOR AND SYSTEM 



BACKGROUND OF THE TNVF.NTTOM 

Field of the Invention 

The present invention is directed to monitoring power of a light emitting device, 
specifically for a power monitor for use with vertical cavity surface emitting lasers 
(VCSELs) which is in the same optical path as the primary beam. 

Description of Related Art 

Light emitting devices such as VCSELs need some form of power control to 
maintain a constant output. Such control is typically automatically performed by 
measuring a portion of an output of a light emitting device during operation and using 
this measurement to control the power supplied to the light emitting device. 

Such control typically is achieved when the light emitting device to be controlled 
is an edge emitting laser because edge emitting lasers output light from two ends thereof. 
Thus, one output may be used for the desired application, while the other output may be 
used for the power control. 

In contrast, a VCSEL typically only emits light from one surface. Hence, any 
monitoring of the light must be from the same output as used for the desired application 
of the VCSEL. VCSELs have lower manufacturing costs and their surface emissions 
make them easier to integrate with other optical devices than the edge emitting lasers, so 
the use of VCSELs is very desirable. 

Previous attempts to monitor the power of VCSELS typically involve splitting off 
of a portion of the output beam to use as a monitor beam. Examples of such 
configurations are disclosed in U.S. Patent Nos. 5,757,836 and 5,774,486. However, such 
splitting off obscures part of the beam which may affect the wavefront and imaging, and 
hence coupling, of the light. Further, if the intensity distribution changes, such as when 
there is a change in lasing mode, the monitored power may change in a way which does 
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not represent the overall output power of the VCSEL. 

Additionally, splitting off of the beam may require the output of the VCSEL to be 
increased in order to maintain the requisite power level while allowing detection. 
Previous uses of scattering the beam to create a monitor beam relied on reflection for 
directing the beam and did not provide an optimal signal to the monitor detector. 
Further, previous scattering did not insure the entire beam was being monitored. 

In the commonly assigned, co-pending related application, Application No. 
09/386,280, a diffractive was used to effectively monitor an entire beam output by a 
VCSEL. However, this configuration still requires space for the detector, an additional 
optical element for the diffraction and alignment of the diffractive element and the 
detector. 



SUMMARY OF THE INVRNTTOTsJ 

The present invention is therefore directed to power monitoring which 
substantially overcomes one or more of the problems due to the limitations and 
disadvantages of the related art. 

These and other objects may be realized by monitoring power from a monitor 
beam which is coextensive with a light beam to be used in an application. Such 
monitoring may be performed using a photodiode to detect the beam, without requiring 
a portion of the light beam to take a different path than the remainder of the light beam. 

These and other objects of the present invention will become more readily 
apparent from the detailed description given hereinafter. However, it should be 
understood that the detailed description and specific examples, while indicating the 
preferred embodiments of the invention, are given by way of illustration only, since 
various changes and modifications within the spirit and scope of the invention will 
become apparent to those skilled in the art from this detailed description. 



BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other objects, aspects and advantages will be described with 



WO 01/80324 



PCT/US01/11794 



reference to the drawings, in which: 

FIG. 1 is a side view of an embodiment of the present invention including a 
detector for monitoring power of an application beam by a VCSEL; 

FIG. 2 is a side view of another embodiment of the present invention including 
a spacing element between the detector and the VCSEL; 

FIG. 3 is a side view of another embodiment of the present invention including 
a spacing element between the detector and the optics block; 

FIGs. 4a-4c are side views of other embodiments of the present invention 
including a spacing element between the detector and the VCSEL; and 

FIG. 5 is a side view of another embodiment of the present invention in which the 
power monitor is integrated into the spacer. 

D ETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

While the present invention is described herein with reference to illustrative 
embodiments for particular applications, it should be understood that the present 
invention is not limited thereto. Those having ordinary skill in the art and access to the 
teachings provided herein will recognize additional modifications, applications, and 
embodiments within the scope thereof and additional fields in which the invention would 
be of significant utility without undue experimentation. 

A configuration for monitoring power of an entire beam without deflecting the 
beam is shown in FIG. 1 . A light emitting device 10, e.g., a VCSEL or a light emitting 
diode, emits a light beam 15 to be used in a desired application. The light beam 15 
impinges upon a photodetector 20, preferably a photodiode. The photodiode absorbs part 
of the beam output by the VCSEL. The amount of absorption depends on the 
wavelength of the light, the ambient temperature, the material used for the photodiode 
and the thickness of the photodiode. For example, when the photodiode is made of 
silicon and has a thickness of 5 microns, at room temperature, 40% of light having a 
wavelength of 850 ran will be absorbed. 

The light 25 which is not absorbed by the photodiode 20 continues on to the 
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desired application. This transmission may be through an optics block 30 having optics 
32, 34 on a top surface 33 and/or on a bottom surface 35. These optics may be a 
reflective element, a refractive element, a diffractive element, a hybrid element, or any 
combination thereof. 

The photodiode may have either a lateral configuration, in which the p-, i- and n- 
regions thereof are arranged horizontally to one another, or a vertical configuration in 
which the p-, i- and n-regions thereof are stacked on top of one another. In either 
configuration, a reverse-biased fixed voltage is applied to a resistor which is connected 
to either the p- or n-region resulting in a photocurrent, which varies with the intensity of 
the light, measures the power output by the VCSEL. 

In addition to being transmitted to the desired application, due to the interface, i.e., 
difference in refractive index, between the photodiode and the VCSEL and/or between 
the photodiode and air or adjoining element, such as the optics block, some of the light 
1 5 will be reflected back into the VCSEL. The back reflection is undesirable and affects 
the performance of the VCSEL. Therefore, an anti-reflective coating 22 may be provided 
on the bottom of the photodiode to prevent any light from being reflected back towards 
the VCSEL. 

In any of the configurations set forth herein, the photodiode may be formed on the 
VCSEL itself, may be formed, i.e., deposited, on a surface, or may be directly integrated 
with another part of the system. While the photodiode is illustrated with a certain 
thickness in the Figures, this thickness is for ease of viewing only. The photodioide itself 
is very thin and is formed directly, i.e., deposited, on a surface. While the photodiode can 
be formed on the VCSEL itself, it is usually preferable not to place the photodiode here, 
but on the substrate. VCSELs are very sensitive and performing additional 
manufacturing on them may reduce the yield. Further, placing a photodiode on the 
VCSEL may introduce additional stress on the VCSEL due to differences between the 
material of the photodiode and the material of the VCSEL. 

An alternative configuration is shown in Figure 2, in which the VCSEL 10 is 
provided on one side of a block 40 of a material, e.g., silicon, sapphire, diamond, with 
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the power monitor 20 being positioned on the other side of the block 40. The separation 
of the power monitor 20 and the VCSEL 10 aids in reducing back reflection when the 
block 40 includes anti-reflective coatings. The surface of the block 40 containing the 
power monitor 20 is bonded to the optics block 30 with bonding material 42 being 
roughly the thickness of the power monitor 20. If the block 40 is a good thermal 
conductor, i.e., acts as a heat sink, such as silicon, this configuration could enhance 
thermal performance of the system. However, even when the wavelengths of interest do 
not allow a block which is a good thermal conductor to be used, the improved reduction 
in back reflections from the separation between the VCSEL and the power monitor is 
still useful. Improved thermal performance may still be realized from mounting a heat 
sink on the bottom of the VCSEL. 

Another embodiment which can be used if a material which acts as a heat sink for 
the VCSEL, but is not too absorptive for the wavelengths output by the VCSEL, is 
shown in Figure 3. Here, the power monitor is mounted directly on the VCSEL as in 
Figure 1, but a spacer block is now interspersed between the power monitor and the 
optics block. This configuration is particularly useful if the optics block and the spacer 
block are made of the same material and there is to be an optical element placed on a 
bottom surface of the optics block. This configuration allows an air gap to be provided 
between the submount block and the optical element so that the optical element will be 
apparent to the light traveling therethrough. This gap also allows the beam to spread out, 
which may be of particular importance if the blocks have a high index of refraction. 
Alternatively or additionally, some index matching material may be provided in the gap 
to reduce back reflections. 

When a configuration like that in Figure 3 is needed for a wavelength at which the 
material to be used as a spacer is too strongly absorptive, the air gap may be made larger, 
while providing a small surface of the spacer which will have an anti-reflective coating 
thereon. 

When spacers are used to space the VCSEL and the power monitor, a number of 
different configurations can be employed. This separation aids in reducing the back 
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reflection into the VCSEL. This separation also allows the light to expand to a larger 
size when it strikes the photodetector, reducing the light intensity, thereby increasing 
photodetector performance for high power applications, e.g., avoiding saturation of the 
photodetector. Examples of these various configurations are shown in Figures 4a-4c. In 
Figure 4a, a spacer element includes two passage therein having single sided wedges 60, 
62; in Figure 4b, a spacer element includes a passage therein having double sided wedges 
64, 66; and in Figure 4c, a spacer element includes a passage which does not go all the 
way through the spacer element 68, thereby allowing the photodiode 20 to be deposited 
on or integrated with the spacer element 68. While the spacer elements herein have been 
illustrated as being separate elements, any of the configurations could be integrated with 
a substrate on which the light source 10 is mounted or with a substrate on which the 
photodiode is formed or deposited. 

Figure 5 illustrates a method of integrating a lateral PIN photodiode as the power 
monitor into the spacer 70. Here, the spacer 70 must be made of an appropriate 
insulating material and then the p- and n-regions therein are created using ion 
implantation. The i-region, or intrinsic region, has no impurities implanted therein, but 
may in actuality have some present, depending on the carrier density of the material itself. 
Such ion implantation may be used with any configurations having a spacer extending 
across the beam path, such as shown in Figures 3 and 4. In any of the above 
configurations, the VCSEL may be mounted on a submount 74 as shown in Figure 5 to 
improve the thermal properties thereof. Further, while the details of the bonding material 
72 are shown in Figure 5, the mounting of the spacer block 70 and the optics block 30 
are the same as for the other configurations. 

Any of the above configurations may be formed by wafer-to- wafer bonding the 
block elements after depositing or integrating the photodiode and mounting the VCSEL, 
as set forth, for example, in commonly assigned U.S. Patent No. 6,096,155 entitled 
"Method of Dicing Wafer Level Integrated Multiple Optical Elements". Further, the 
photodiode may be deposited on or integrated with the element onto which it is to be 
provided on a wafer level. Finally, while cross-sections of the spacer elements have been 



-6- 



WO 01/80324 



PCT/US01/11794 



shown, it is to be understood that these spacer elements having through passages therein 
may actually enclose this passage, with the passages preferably being formed on a wafer 
level. 

Although preferred embodiments of the present invention have been described in 
detail herein above, it should be clearly understood that many variations and/or 
modifications of the basic inventive concepts taught herein, which may appear to those 
skilled in the art, will still fall within the spirit and scope of the present invention as 
defined in the appended claims and their equivalents. 
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What is Claimed is: 

1 . A power monitor for monitoring power of a light emitting device outputting 
a light beam, the power monitor comprising an absorptive material placed in an 
application path of the light beam, the absorptive material having a measurable 
characteristics thereof altered by an intensity of the light beam, the absorptive material 
being thin enough to allow a portion of the light beam sufficient for a desired application 
to be passed to the desired application. 

2. The power monitor of claim 1, wherein the absorptive material is doped to 
form a PIN photodiode. 

3. The power monitor of claim 2, wherein regions of the PIN photodiode are 
laterally configured. 

4. The power monitor of claim 2, wherein regions of the PIN photodiode are 
vertically configured. 

5. The power monitor of claim 1, wherein the absorptive material is deposited 
directly on the light emitting device. 

6. The power monitor of claim 1, further comprising a substrate on which the 
light emitting device is mounted and wherein the absorptive material is deposited on the 
substrate on a surface opposite to the light emitting device. 

7. The power monitor of claim 6, wherein the substrate serves as a heat sink for 
the light emitting device. 

8. The power monitor of claim 1, further comprising a spacer between the light 
emitting device and the desired application. 

-8- 



WO 01/80324 



PCT/US01/11794 



9. The power monitor of claim 8, wherein the absorptive material is formed on 
the spacer. 

10. The power monitor of claim 8, wherein the spacer comprises the absorptive 
material. 

1 1 . The power monitor of claim 10, wherein the spacer is doped with ions to form 
a PIN photodiode. 

12. The power monitor of claim 1 1, wherein the ions are implanted in the spacer 
to form a PIN photodiode. 



13. The power monitor of claim 1, further comprising an anti-reflective coating 
between the absorptive material and the light emitting device. 

14. An integrated power monitor and optical system comprising: 

an absorptive material placed in an application path of the light beam, the 
absorptive material having a measurable characteristics thereof altered by an intensity of 
the light beam, the absorptive material being thin enough to allow a portion of the light 
beam sufficient for a desired application to be passed to the desired application; and 

an optics block having at least one optical element thereon, the absorptive material 
and the optics block being bonded together. 

15. The system of claim 14, wherein the absorptive material is doped to form a 
PIN photodiode. 

16. The system of claim 15, wherein regions of the PIN photodiode are laterally 
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configured. 

17. The system of claim 15, wherein regions of the PIN photodiode are vertically 
configured. 

18. The system of claim 14, wherein the absorptive material is deposited directly 
on the light emitting device. 

19. The system of claim 14, further comprising a substrate on which the light 
emitting device is mounted and wherein the absorptive material is deposited on the 
substrate on a surface opposite to the light emitting device. 

20. The system of claim 19, wherein the substrate serves as a heat sink for the 
light emitting device. 

21. The system of claim 14, further comprising a spacer between the light 
emitting device and the desired application. 

22. The system of claim 21, wherein the absorptive material is formed on the 

spacer. 

23 . The system of claim 22, wherein the spacer comprises the absorptive material. 

24. The system of claim 23, wherein the spacer is doped with ions to form a PIN 
photodiode. 

25. The system of claim 14, further comprising an anti-reflective coating between 
the absorptive material and the light emitting device. 
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26. A power monitoring system comprising: 
a light emitting device generating a light beam; 

an optical system comprising at least two surfaces, said optical system supplying 
a functional light beam to an application; and 

an absorptive material placed in an application path of the light beam, the 
absorptive material having a measurable characteristics thereof altered by an intensity of 
the light beam, the absorptive material being thin enough to allow the functional light 
beam to be of sufficient intensity for the desired application to be passed to the 
application. 



27. The system of claim 26, wherein the absorptive material is doped to form a 
PIN photodiode. 

28. The system of claim 27, wherein regions of the PIN photodiode are laterally 
configured. 



29. The system of claim 27, wherein regions of the PIN photodiode are vertically 
configured. 



30. The system of claim 26, wherein the absorptive material is deposited directly 
on the light emitting device. 

3 1. The system of claim 26, further comprising a substrate on which the light 
emitting device is mounted and wherein the absorptive material is deposited on the 
substrate on a surface opposite to the light emitting device. 

32. The system of claim 31, wherein the substrate serves as a heat sink for the 
light emitting device. 
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33. The system of claim 26, further comprising a spacer between the light 
emitting device and the desired application. 

34. The system of Claim 33, wherein the absorptive material is formed on the 

spacer. 

35. The system of claim 34, wherein the spacer comprises the absorptive material. 

36. The system of claim 35, wherein the spacer is doped with ions to form a PIN 
photodiode. 

37. The system of claim 26, further comprising an anti-reflective coating between 
the absorptive material and the light emitting device. 
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(57) Abstract: A power monitor for a light emitter uses an absorptive ma- 
terial placed in the path of the application beam. The absorptive has a mea- 
surable characteristics thereof altered by an intensity of the light beam, the 
absorptive material being thin enough to allow a poriton of the light beam 
sufficient for a desired application to be passed to the desired application. 
Preferably, an anti -reflective coating is placed between the absorptive ma- 
terial and the light emitting device. The absorptive material may be formed 
directly on the light emitting device or may be formed on or integrated with 
a spacer. 
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